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Description 

RELO OF THE INVENHON 

5 [0001 J The present Invention relates to the field of polymer composites and. In particular, to a process and an appa- 
ratus for the nianufacture of polymer composite products. 

BACKGROUND OF THE INVENTION 

10 [0002] The term "polymer conrposite'* used herein will be understood to include polymer concrete, reinforced polymer 
conaete and reinforced plastics, such as bulk molding compound, sheet molding compound, mineral molding com- 
pound and advanced molding compound systems. 

[0003J Polymer concrete is fonned from a mixture of aggregate and a polymeric binder. Aggregate particles, for exam- 
ple sand, gravel and aushed stone, are bound together by polymeric binder when cured Advantages of polymer con- 

is Crete include fester curing rates and superior properties, such as chemical and abrasion resistance, especially as 
compared with conventional concrete products formed of Portland cement water, sand and aggregate Furthermore, 
polymer concrete products tend to be impermeable to water and corrosive chemicals, such as deictng salts. Applica- 
tions include payers, flower boxes, garden fumiture, counter tops, floa slabs and tiles, roof tiles, fascia panels for build- 
ings, wall-cladding, electric cable trenches and trench covers, electrical insulators, grating, duck-boards, and drain, 

20 sewer arxl Other pipes. ^ 

[00041 In the reinforced plastics industry, compression moWIng of plastics and elastomers involves the application of 
pressure to a material placed in a heated mold for a specified curing period. The use of compression mokfing has 
expanded over the years especially In the development of new materials, including reinforced plastics. One conven- 
tional molding system is the BMC (bulk molding compound) system wheein a combination of reinforcing fibres and f ill- 

25 ers, such as wood flour, minerals and cellulose, are mixed with a resin placed in a mold at 150 to 200*C (300 to 400*»F) 
and then compressed at about 35 kg/cm^ (500 psi). Typical applicatfons include virashtite. tray equpment housings 
and electrical components. 

[00051 Another reinforced plastic is known as a SMC (sheet molding compound) system wWch uses a oombinatkm 
of pre-impregnated resin, catalysts and glass f ftxe reinforcements cut into part size sheets. The sheets are placed in 

30 hot moWs. usually 150 to 200^C (300 to 400"F). and moWed at 70 to 140 kg/cm^ (1000 to 2000 psi). Products such as 
automotive body panels, battitubs. septic tanks and outdoor electrical components are made in this process. The MMC 
(mineral mdWing corrpound) system uses a mineral filler to provide a stone aspect and improved scratch resistance to 
the reinforced plastic. A specific proportion of soft filler (Mohs* 3) and hard filler (Mohs' 7) is chosen to obtain an accept- 
able conpromise between maximum scratch-resistance of the finished product and mininujm abrasion of the mold. 

35 AppRcatfons include counter tops. 

[0006] In the reinforced plasltos applteattons, the upper limit of fillers and reinfbrdng material is typically about 60% 
t)y volume. 

[0007] As in the manufacture of reinforced plastics, polymer concrete products are manufactured by mixing a polymer 
binder with aggregate and then curing the mixture by the application of heat and/or by the Introductton of chemical 
40 agents to torn a hardened polymer conaete product wherein the aggregate is fused by polymerized binder. 

[0008] In one conventfonal technk^ue. a mixture of aggregate and binder is subjected to vibratfon to distribute the 
binder and to pack the aggregate in a dose relatk3nship. The vibrated mixture is thai subjected to heat to accelerate 
the curing process. 

[0009] A steel mold is first treated with a release agent, for example a teflon solutfon followed by polyvinyl alcohol. A 
45 gel coat resin is then applied to the surfaces of the mold and altowed to cure. The cured gel coat resin enhances the 
finish on the suifaces of the polymer concrete product. A nwture of aggregate and polymeric binder is then distributed 
in the moW heated to a tenperature in the range of from 70 to 7TC (1 60 to 1 70*»F). Vibration is applied and the nraxture 
is then altowed to cure for about 1 to 1 -5 hours at a tennperature in the range of from 70 to 77*»C (160 to 170*F)- ^ will 
be appreciated by those skilled in the art that the curing step is the rate-limiting step. Moreover, there are proWenre of 
50 • voids in the cured concrete and of cracking and curiing of the product due to the high shrinkage of the binder. 

[0010] Unrted States Patent Number 4.346.050 (Trent and Chartebols. August 24. 1982) describes a process for prep- 
aration of polymer bonded concrete wherein a mixture of aggregate and binder is subjected to intense vibratfon for a 
period of from 15 to 30 ntinutes to cause segregation of binder from aggregate so that any excess Ik^ukj binder fomre 
a layer on the upper surface of the cast mixture. The vibrated mixture is then sutjjected to a curing step at a maximum 
55 temperature of 77'C (1 70"F) to minimize boiHng. cracking or curling. Once the product is removed from the mokJ, the 
product may be sut^eded to a post-curing step^ for example for one hour. In an oven to achieve a completely cured 
product 

[0011] Whne curiing and cracking is reduced, as compared to the prevtous process, there is stin some cracking and 



2 



EP0874 722B1 

curting which occurs. Moreover, pr etreatmertt of the rroWs with polyvinyl alcohol is necessary to prevent abrasion of the 
mold surfaces due to the increased length of the vibration cyde. It will be appreciated by those skilled in the art that the 
pre-treatment of the molds is labour-intensive and tlme^nsuming and requires the use of costly materials. Other dis- 
advantages of excessive vibration are noise pollution and rapid deterioration of the mold structure. Furthermore, only 
resins having low to medium reactivity can be used since the amount of cracWng or curting increases with the speed of 
polymerization. 

[00121 United States Patent Number 4,1 17,060 (Murray. September 26. 1978) desaibes a method for the manufac- 
ture of concrete products wherein curing of the conaete mixture is accelerated by injection of carbon dioxide flas wtii 
simultaneous conpression of the mbcture and gas until an advanced state of cure is obtained. The addition of carbon 
dioxide gas causes an exothermic reaction which increases the temperature by about 27^0 (80«F). Carbon dioxide is 
an essential reactant of the process to raise the tenrperature which cannot be achieved by the addition of any other 
or by application of heat alone. The surfaces of the mold are coated with niber to prevent a heat sink caused by metal- 
lic molds and to protect ttie surfaces of the mold. 

[00131 United States Patent Nun*er 4.204.820 (Toncelli, May 27, 1980) discloses a method for the fomiation of resin- 
bonded grit slabs with confined vibration and pressure action in an airiess environment. A concrete ntixture is distrib- 
uted within a frame on a cardboaid sheet and transported on a conveyor line beneath another cardboard sheet to a 
press inducfing a head on which a vibrator is mounted. The head is driven downward to compress the mixture between 
tiie two cardboard sheets. Cardboard is used to protect ttie surtaces of the moW and the conveyor and to mininrwze 
cracking The cardboard sheets are cut around the conaete and the slab is transported to heating plates in a stack in 
a drying oven wherein the slabs are sandwiched between two contact plates heated to 80-C for about 25 minutea The 
cardboard sheets are fused to the surfaces of the cured conaete and nuist be removed in^ 

ino and/or grirxiing. , , ^ 

[W141 United States Patent Number 5.264.168 (Toncelli. November 23. 1993) relates to a process for manufacture 
of ceramic material wherein the mixture is distributed onto a mokJing support and sut)jected to a vacuum. The distrib- 
uted mixture is then subjected to simultaneous application of vibratfon and pressing action of at least 0.5 \^cxj^ to mold 
tiie mixture. Once the molding step is ojmpleted. tiie mixture is dried at a temperature of about 130»C for at least two 
hours and then fired at a temperature between 1000 and laOO'C. u • 

[00151 Tassone and Toncelli fProcedure for fast curing at high temperature of polyester resins used as binder in the 
production of polymer ojnaete slabs^ Pmc Vlll International Cx)nQress on Polymery in Qpricrgt^ Oostende. Belgium: 
351-356; July 3-5; 1995) describe a process wheren polymer conaete is first subjected to vibrocompaction under vac- 
uum and tiien to a curing step in a high-temperature pressurized kiln. 

10016] Onedisadvantageoftheknownmethodsfethetendencyoftheproductstocrackorcuridueto^^ 

on curing of the polymeric lender. In all of ttie processes described above, ttie curing step is stSI the rate-Omiting step. 

Furthermore, tiie processes all involve a number of steps to achieve ttie desired product 

10017] Anottier disadvantage of conventional processes Is ttie requirement for a coating, for example polyvinyl alcohol 
or cardboard to protect the surfaces of ttie moW from abrasion. Application of cardboard and/or gel coat resin is also 
used to miniriiize oacWng in a)nventional processes. Accordingly, additional steps are required to apply ttie coatings 
and/or cardboard and to treat ttie cured product. In partfcular. cardboard must be removed from ttie cured product in a 

finishing step by sand-Wasting and/or grinding. ' ^ ^ , 

[0018] The curing time couW be reduced by inaeasing ttie temperature; however, it has been found ttiat increasing 
the temperature above 7TC ( 1 TO^F) causes boiling of ttie resin, resulting in voids and aacks in the cured polymer con- 
aete product Furthemiore. ttiere is excessive evaporation of volatile binder components at elevated temperatures, 
adversely affecting ttie quality of the polymer conaete. . . u 

[00191 It is ttierefbre desirable to have a process for the manufacture of polymer composite products in which ttie 
cuing time is reduced substantially. A process wrherein abrasion of molds is reduced wittiout ttie requirement for polyvi- 
nyl ala)hol or cardboard, ttie ojncentration and hardness of f illere can be inaeased and curting, cracking and vokte are 
minintized would also be desirable. ^ ^ ^ 

[0020] rt is an object of ttie present invention to provide a process for ttie manufacture of polymer composite products 

wherein tiie time required for curing is reduced. ^ 
[00211 ft is anottier o^ect of ttie presert invention to provWe a one-step process for the manufacture of 

(^I'^'^aairther object of ttie present invention to provide a process wherein curling and oacking of polymer com- 
posite products is ndnimized. 

SUMMARY OF THE INVENTION 

[0023] According to one aspect of ttie present invention, ttiere is provided a process for ttie manufacture of a polymer 
conposite product, corrprising ttie steps of distributing a pre-detemtined amount of a mixture of f flier and polymeric 
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binder in a mold; subjecting the mixture simultaneously to vferation. a tenperature at least sufficient to form a sWn of 
cured polymer around the mixture of filler and polymeric binder, and a pressure at least sufficient to contain the vapour 
pressure of the polymeric brnder : and allowing the binder to polymerize and cure to produce the polymer composite 
product: whereby filler and polymeric binder are evenly distributed in the polymer composite product and the polymer 
5 composite product is substantially vokJ-free. 

100241 The product is substantially void-free because the polymeric binder is evenly distributed, air pockets are ntin- 
imized and evaporation and boiling of uncured polymeric binder is minimized by the simultaneous application of heat, 
vbration and pressure. 

[0025] According to another aspect of the present invention, there is provided an apparatus for manufacturing a pol- 
io ymer composite product comprfeing a bottom mold portion, a top mold portibn adapted to cooperate with the bottCMn 
mold portton to fomi the desired shape of polymer composite product means for heating the bottom and top nrold por- 
tions, means for vibrating the bottom mold portion, and means for applying pressure to the top mold portion, whereby 
when a filler and polymeric binder mixture placed in the bottom mold portion is distributed in the bottom mold portion 
and the top mold portion is placed on top of the distributed mixture, heat, pressure and vibration are applied simultane- 
75 ously to the mixture to cure the polymeric binder. 

BRIEF DESCRimON OF THE DRAWINGS 

[0026] In drawings which illustrate an embodiment of the present invention, 

20 

Figure 1 is a front elevational view of an apparatus according to ttie present invention; and 
Rgure 2 is a side elevational view of the apparatus of Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

[0027] The present invention is applicable to a variety of polymer composrtes including polymer conaete. reinforced 
polymer conaete and reinforced plastics produced, for example by bu\k molding compound, sheet molding compound, 
nnneral molding conpound and advanced molding conpound systems. These composites are similar in that aggregate 
and/or f Olers are fused by a polymeric binder. As used herein, the term tiller- will be understood to include aggregate, 

30 pigments, reinforcing material and the fike. Tlie present invention is particUarty applicable to tfie manufacture of poly- 
mer composites containing higf^y abrasive fillers, for example, fillers having a hardness of up to about Mohs' a 
[0028] In accordance with ttie present invention, polymer composite products are manufactured in a one-step proc- 
ess. Filler and polymeric binder is mixed and distributed in a mold and then sul^ected to simultaneous application of 
vibration, heat and pressure to cause the polymer binder to cure rapidly. In the process of the present invention, a sub- 

35 stantiany tack-free and vokj-free polymerized protective layer is formed around the unpolymerized binder and f flier, 
thereby protecting ttie surfaces of ttie mold from abrasion by the filler. Thus, in accordance with the present invention, 
the wear on the mold is reduced substantially, tiiereby increasing tfie woriang Irte of the mold. The pressure also mini- 
mizes boiling and evaporation of volatile binder components. The cost of lost binder is tiierefbre minimized and ttie 
cured product is substantially free of voids, aacks and curt. The cured product also exhibits improved physical and 

40 chemical characteristics, such as scratch resistance, f lexural, impact and conrpression strengtii, and water absorption. 
[00291 Vibration of ttie mixture causes the filler to be evenly distributed ttiroughout tiie mold. Filler particles are 
vibrated into a closely packed relationship to produce a dense, substantially vokj-free product 
[0030] The frequency and the time required to vibrate the mixture is dependent on the thickness of tiie piece, tiie for- 
mulation of ttie mixture, ihe concentration of binder, and ttie size and concentration of filler. Preferably, tiie frequency 

4$ and time of vtoration is selected such that vibration does not cause separation of coarser filler materials from finer filler 
materials and ttie binder. . _4u. *^ 

[0031 ] In conventional processes for tiie manufacture of polymer concrete products, polymerization is initiated by sub- 
jecting ttie mixture to a temperature of about 54*>C (ISCF). While the curing st^ is ttie rate-Umiting step, ttiose sWUed 
in ttie art have not increased ttie temperature to accelerate curing because ttie polymeric tNnder tends to bdl. causing 

so air bubbles in ttie cured product and resulting in loss of binder due to evaporation. High temperatures also cause exces- 
sive cracking and curiing in slabs produced by conventional processes. In the process of the present invention, ttie mix- 
ture can be sut^ccted to a higher temperature wittwut ttie problems of ttie prior art because of ttie simultaneous 
application of heat, pressure and vibration. 

[0032] If ttie tenperature is too low, ttie uncured mixture tends to abrade and dilute wax mold release agent applied 
55 to ttie mold surfaces before a protective sWn of cured polymer is fomied. The cured product will ttien tend to stick to ttie 
abraded surfaces of ttie mold. 

[0033] If ttie tenperature is too high, ttie polymeric binder will cure before ttie vibration and pressure cycle begins. 
Therefore, ttie temperature of ttie moW must be selected in view of ttie type and reactivity of ttie binder, ttie type and 
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reactivity of the catalyst system and the thickness of the product In polymer concrete appGcations, the temperature s 
preferably in the range of from about 80 to 1 35*C (1 75 to 275*F). In reinforced plastic apf^catiOTS. the temperature is 
preferaWy in the range of from about 90 to 200'C (20 to 400*F). 

[0034] To minimize aacking, curling, boiling and evaporation of polymer components due to the increased tempera- 
5 ture. the mixture is subjected to a pressure greater than about 1 kgfcnf (15 psi), preferably greater than about 3.5 
kg/ciT^ (50 psO. more preferably ^eater than about 7 kg/cm^ (100 psQ. simultaneously while the mixture is being 
heated and vbrated. The exact pressure is dependent on the polymer composite mixture being used and the degree of 
vibration applied. The mininwm pressure is the pressure necessary to contain the vapour pressure of the binder. For 
example, in polymer concrete applications, the pressure is preferably in the range of from about 1 to 28 kg/cm? (15 to 
10 400 psi), more preferably in the range of from about 7 to 14 kg/cm? (100 to 200 psi). In reinforced plastics applications, 
the pressure is preferably in the range of from about 1 to 35 kg/cm^ (1 5 to 500 psi). although the upper limit of pressure 
may increase to a pressure as Ngh as 70 to 140 kg/cm? (1000 to 2000 psi). The pressure may be appOed by a top 
platen or by vacuum. 

[0035] tf the pressure is too low. air pockets may remain in the mixture so that the resultant polymer composite product 
15 has undesirable voids. Application of pressure also assists in even distribution of binder so that pockets of uncured 
binder are "squeezed" out to be more evenly distributed around the surrounding filler. At tower pressures, binder may 
not be evenly distnTxited. At pressures greater than 28kg/cm2 (400 psi). there may be no further improvement in the 
resultant product to warrant the added cost 

[0036] With the simultaneous appltoation of heat, pressure and vtoration. a polymeric film is formed round the polymer 
20 conposite product which inhibits evaporation and boiling of the uncured polymer. "Hie polymeric film also serves to pro- 
tect the surfaces of the mok) from abrasion by the filler. TTie protective f 8m obviates the requirement for special release 
paper or film to protect the mold surfaces and for gel coat resin which is used in conventional processes to minimize 
cracking and to provide a better surface appearance. TTie time. Iatx)ur and materials costs associated with the applica- 
tion of these layers also represent significant savings over the conventional processes. Furthemiore, no po^-finishing. 
2S other ttian to remove any flashing, is required. For example, in c<»iventional processes, when cardboard is used to pro- 
tect the surfaces of the mold from abrasion and/or to minimize cracking and/or curiing of the product during curing, the 
paper nrust be removed in a finishing step by sand4}lasting and/or grinding tiie cured product. 
[0037] Suitable fillers include mineral, metallic and non-metallic fillers. Examples of mineral fillers include a wide vari- 
ety of aggregates and sands, catoium carbonate, quartz, granite, fektepar, mart)le. quartzite. fumed silica, day. fly ash. 
30 cement (an example of a reactive filler whfch can be added to achieved certain properties), broken glass, glass beads 
and glass spheres. Metallic f aiers include steel grit, steel bar, steel mesh, aluminum grit and cart)ides. Exarr^es of non- 
metallic fillers include plastic beads (for example, made of recycled plastic), palletized rubber, wood chips, sawdust and 
paper laminates. Other materials, such as titanium dtoxMe, carbon black and iron oxide, nay be added for pigmenta- 
tion. 

55 [0038] Reinforcing materials to increase the f lexural. tensile and/or impact strength may also be added. Suitable rein- 
forcing materials include steel, plastic, glass, carbon and the lika Reinforcing material may t>e added in the form of 
fibres, sheets and/or rods. For example, glass fibres may be added with other fillers, in a layer in the base of the moM 
and/or in a layer on top of the filler/polymer mixture in the mold. Glass reinforcement may also be provided as sheet- 
like material, such as roving or mesh, in tiie base of the mold and/or on top of the filler/|?olymer mixture before applica- 

40 tion of pressure and vibratioa Gaass f ft5re rods may also be laid in the base of the moW, for example with spacers 
formed of cured polymer, prior to addition of the filler/polymer mixture. 

[0039] Suitable polymeric binders include substantially any thennosetting resin. The binder may be formed of a pol- 
ymer, a mixture of polymers (fbr example, polyester and urethane), monomers, and mixtures of monomers and poly- 
mers. Examples of suitable polymers include polyester, vinyl ester, epoxy, phenolic resin, urethane and mixtures 

45 thereof. Examples of monomers for the polymeric binder include a.p-ethylerttcally unsaturated monomers, i.e. styrene 
and styrene derivatives, such as lower alkyi substituted styrenes such as a-methyl styrene and vinyl toluene, divinyl 
benzene, C^^ alkyI esters of acrylic and methacrylic ackte, such as methyl acrylate. ethyi acrylate, isopropyl acrylate. 
kjulyl acrylate. 2-ethylhexyl aaylate. methyl methacrylale. ethyl methacrylate. isopropyl methaaylate and butyl meth- 
acryiate. phenols, fiirans and tiie lika These monomers may be used alone or in combination and the preferred mono- 

so mers. particularly from the point of view of cost, are styrene. methyl methacrylate and butyl acrylate. 

[0040] In accordance with the present Invention, it is possible to use highly reactive binders such as vinyl ester. As 
previously mentioned, known processes were limited to low to medium reactive binders since highly reactive binders 
cured quickly and caused high shrinkage of the binder, resulting in curiing and/or cracking of the cured product Shrink- 
age is minimized in the process of tiie present invention by the simultaneois application of vtoration, heat and pressure. 

55 [0041] The binder may also include a coupling agent such as silane, to assist in adheskm between the aggregate 
and binder. This is especially useful for hard f Olers. For example, a polyester binder will bind more eflectively to quartz 
if a silane coi4}ling agent is added to the mixture. A coupling agent may also be used to pretreat fillers, for example 
glass fibres, prior to adcfition of binder. 
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[00421 K will be understood thai the components of polymer composites listed above are intended as exanples only 
and are not intended to linut the scope of the present inventioa The process of the present invention is not limited in 
the types of binder, filler or other components. 

[0043] An apparatus 10 for the process of the present inventton is illustrated in Figures 1 and 2. The apparatus 10 
5 hasa twoi)art mddfonned of a bottom mold portion 12 and a top mold portion 14, The bottom mold portion 12 and the 
top mold portion 14 are provided with heating elements 16. The bottom mold portion 12 is supported on a bottom platen 
18 provided with a pair of vibrators 22. The bottom platen 18 is supported by a frame 20 and support pillars 25. 
[00441 Ihe top mold portion 1 4 is supported in the frame 20 above the bottom mold portion 12. The top mold portion 
14 is mounted on a top platen 24 v/hich is moveable in the frame 20. Preferably, a pair of vibrators 26 are mounted on 
10 the top platen 24 to vtorate the top mold portion 14. The degree of vibration is selected such that vtoration does not 
cause separation of coarser filler materials from f mer filler materials and the binder. Preferably, the bottom mold portion 
12 is provided with spacers 27 to allow excess binder to flash out of the mold between ft^ 

tKJttom mold portion 12. . ^ , ^ 

[00451 In operation, the bottom mold portion 12 and the top mold portion 14 are preheated using the heatng elements 
16 A mxltiffe of filler and binder is fed into the bottom mold portion 12 using a material feeder 28 and distributed man- 
ually and/or by vibration from the vibrators 22. Preferably, the mixture of f flier and binder is distributed whOe vibrators 22 
are turned on. It will be aRDreciated by those skilled In the art that the distribution of the nwxlure of filler and binder into 
the mold may be automated to reduce the time and labour associated with this step, 

100461 The top mold portion 14 fe lowered into position on the bottom mold portion 12 by lowering the top platen 24 
in the frame 20. Pressure is applied to the top mold portion 1 4 with a compression cylinder 32 and the vibrators 26 are 
used to vibrate the top mold portion 1 4, \^bration of the top mold portion 1 4 assists in 

filler throughout the mold. It will be appreciated by those skilled in the art that the amount of pressure reqwred to (xm- 
pact the nurture in the bottom mold portion 1 2 can be reduced with increased vtoration of the top mold portion 1 4. Con- 
versely, less vibration is required with higher pressures. It is believed that the maximum vibration which can be appOed 
to the top mold portion 12 is limited only by the structure. ^ , ♦ 

[00471 Once the curing step is completed, the pressure on the top mold portion 14 is discontinued and the top platen 
24 is raised above the bottom mold portion 12. The cured polymer composite product is removed from the bottom mold 
portion 12 by a demolcfing cylinder 34 acting on a demoWing fdaten 36 having ejector pins 38. rt has been found that 
the cured product is occasionally removed from the bottom mold portion 12 when the top mold portion 14 is raised. It is 
therefore preferable to provide ejector pins on the top mold portion 1 4 as well. 

[00481 In accordance with the present invention, the time required for curing is reduced substantially, anowing the 
process to become more continuous. The resultant prodiK^ts have a smoother finish on the surfaces and problems of 
curiing and cracking are minimized. ^ 
[00491 The process of the present irivention also allows the binder content to be reduced to about 5%. thereby reduc- 
ing the cost of the polymer concrete without adversely affecting ttte mechanical properties of the cured product. 
(00501 Described below is one example of the manufacture of a glass reinforced polymer concrete slab in accordance 
with the process of the present invention. The example is for illustrative purposes only and is not intended to limit the 
scope of the invention defined by the claims below. The quantity and type of mineral fillers, polymer binder, initiator and 
reinforcing material is dependent on the desired results, 

EXAMPLE 

[00511 A polymer and aggregate mixture was prepared according to the formulation in Table I for the manufacture of 
a glass fibre reinforced 0.6m x 0.9m x 0.3cm (2* x 3' x VO slab of polymer concrete. 
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Table I 
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30 



35 
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SO 



Component 


Waght% 


Mineral Filler 






Aggregate 


0.05 • 0.15cm (1/8 - 3/81 granitic river gravel 


43.89 


Sand 


BarcoS2X~ 


34.62 


Silica Rour 


Silcocn290M'^ 


13.92 


Colorants 


Titanium Dioxide 


0.43 




Cartx»n Black 


DOS 


Total Minerals 






Binder 






Polymer 


Derakane"* vinyl ester 


4.33 


Monomer 


Methyl mettiacrylate 


2.71 


Coupling agent 


A-174™ Silane 


0.025 


Total Binder 




7.065 


Initiator 






Catalyst 


Perkadox™ 


0.025 



[0052] The mineral f aiers were added to a conventional concrete mixer and a pre-blended mixture of binder and initi- 
ator was added to the filler in the nwxer. 

[0053] The bottom mold was preheated to a temperature of about lOO^C (210'F) and the top moW was preheated to 
a tenperature of about 1 le^'C (240"F). The temperature of the bottom mold was preheated to a lower temperature to 
minimize curing of the mixture while being distributed in the mold, since the distrtoution step was performed manually 
The temperature of the bottom mold could be increased with an automated distrtoution step. The molds were then 
treated wKh a water-based wax release agent The wax pretreatment of the molds is usuaDy required only on start-up 
and a number of slabs can be made without re-treating the mow. . 
[0054] A 0.6 X 0.9m (2* x 30 glass fibre sheet (0.13 kgAn?. 0.1 x 0.1cm grid (4 oz/sq.yd., W x W grid)) was placed in 
the bottom mold. 24 kg (54 lb) of the aggregate and binder mixture of Table I were fed Into bottom mold on top of the 
glass fibre sheet. Two vibrators on the bottom (3450 rpm. 750 W each) were then turned on to assist in the distribution 
of aggregate and binder mixture in the mold on top of the glass f tore sheet. A 0.6 x 0.9 m (2* x 3*) glass fibre sheet 0.81 
kgAn^ 0.1 X 0.1 cm grid (24 oz/sq.yd., V4- x Va" grid) was then placed on top of the mixture The distrtoution step was 
conpl'eted as qufcWy as possible to minimize curing in the bottom moW during this step since the distribution step in the 
example was performed manually Preferably, the step is conducted in less than 40 seconds. 
[0055] The top of the mold was then put into positfon over the mixture. When the top moW contacted the mixture, the 
two vtorators (3450 rpm. 750 W each) on the top mold were started and the mixtiffe was simultaneously sitojected to a 
pressure of 1 1 kg/cm^ (1 60 psO- After 30 seconds, the mixture was compacted suff identty. as indicated by the contact 
of the spacers with the upper edge of the top mold portion, and the vibrators were turned off while pressure and heat 
were maintained for 3 minutes. 

[0056] The resultant glass fibre reinforced 0.6m x 0,9m x 0.3cm (2* x 3* x slab of polymer concrete was removed 
from the mold using the Rector pins. The polymer conaete slab had smooth finishes on aO sides and required no post- 
finishing step. The mold release wax layer was not abraded by the aggregate and the moW could be used to prepare 
the next slab. 

[0057] Changes and modifications in the specifically described en*odiments can be carried out without departing 
from the scope of the invention which is intended to be limited only by the scope of the appended claims. 
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Claims 

1 A process for the manufacture of a polymer composite product comprising the steps of dfetrtouting a pre^Jeter- 
mined amount of a mixture of filler and polymeric binder in a moW; characterized by curing the nwxture by simulta- 
neous application of heat pressure and vibratton; the mixture being heated, pressurized and vibrated in the curing 
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step sufficient to: (a) form a skin of cured polymer around the mixture of filler and polymeric binder; (b) nvnimize 
boiling and evaporation of the polymeric binder; and (c) evenly distribute the filler in the mold such that the formed 
polymer composite product Is substantially void-free 

5 2. A process according to daim 1 . characterized in that vbration is applied during the distributing step. 

3. A process according to daim 1 . characterized in that the mold is pre*heated prior to the distributing step. 

4. A process according to claim 1. characterized in that vibration is discontinued while heat and pressure are main- 
10 tatned. 

5. A process according to any one of daims 1 to 4, charaderized in that the mixture is heated to a temperature greater 
than about TTC (1 TO^^F). preferably in a range of from about 80 to 20(rC (1 75 to 400''F). more preferably in a range 
of from atwut 90 to 135»C (200 to 275«F)- 

IS 

6. A process according to daim 1 . characterized in that the pressure is in a range of from about 1 to 35 kg/cnf (1 5 to 
500 psQ , preferably in a range of from about 1 to 28 l^cm^ (1 5 to 400 psi). more pref eratily in a range of from about 
7 to 14 kg/on? (100 to 200 psQ. 

20 7. A process according to any one of the preceding daims. characterized in that the filler comprises an aggregate 
selected from the group consisting of caldum cartx)nate. quartz, granite, feldspar, mart>le. quartzite» fumed silica, 
sand, day. fly ash. cement, broken glass, glass t>eads. glass spheres, steel grit aluminum grit carbides, plastk: 
beads, pelletized rubber, wood chips, sawdust and paper laminates; and/or a pigment seteded from the group con- 
sisting of titanium dk)xide, carlxm black and iron oxide. 

25 

8. A process according to any one of the preceding claims, charaderized in that the filler comprises reinforcing mate- 
rial selected from the group consisting of steel, plastk;. glass and carbon, preferably the reinfordng material is glass 
fibers. 

so 9. A process according to any one of the preceding claims, charaderized in that a reinfordng sheet is disposed in the 
mokl prior to distributing the mixture of filler and pdymeric binder in the mold. 

10. A process according to any one of the preceding daims. charaderized in that a reinfordng sheet Is disposed on top 
of the distrflDuted mixture of filler and pdymeric binder before subjecting the mixture to pressure. 

35 . 

11. An apparatus for manufacturing a polymer composite prpdud comprising a bottom mold portion and means for 
vibrating the bottom mold portion, charaderized in that a top moW portion is provided to cooperate with the bottom 
mold portion to form the desired shape of pdymer composite produd, and means for heating the bottom and top 
mow portions and means for applying pressure to the top moW portion are provided so that when a mixture of filler 

40 and polymeric binder placed in the bottom moMi portion is distributed in the bottom mold portion and the top moki 
portion is placed on top of the distributed mixture, the polymer binder is cured by simultaneous application of heat, 
pressure and vibration. 

1 2. An apparatus according to daim 1 1 , charaderized in that means for vtomting the top mold portion is provided. 

45 

13. An apparatus according to daim 1 1 . charaderized in that means for applying pressure to the bottom mold portion 
to demold the cured polymer composite produd is provkled. 

14. An apparatus according to daim 11. further oonrpridng means for applying pressure to the top mold portkin to 
50. demold the cured polymer composite product 

PatentansprOche 

1. Verfahren zur Herstellung eines Pdymerverbundwerkstoff-Produkles. das die Schritle umfa8t. daS eine voite- 
^ stimmte l^enge eines Gemisches aus FOllstoff und pdymerem Binder in einer Fonm verteiK wird. dadurch gekenn- 
zek:hnet daB das Gen^h durch gleichzeitige Behandlung mit Kitze. Druck und Vibratbn ausgehdrtet wird. wobei 
das Gemisch wahrend des Aushdrtungsschrittes ausreichend mIt Kitze. Druck und Vibration behandelt wird. urn 
(a) eine Haut aus ausgehartetem Polymer um das Gemisch aus FQItstoff und polymerem Binder zu biTden; (b) Sie- 
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den und Venjarrpfung des polymeren Binders zu minimieren: und (c) den FOllsto« in der Form gleichmaBig zu ver- 
teilen. so daB das gebildete Polymervertxindwertetoff-ProduW im wesentlichen frei von Hohlraumen isL 

2. Verfahren nach Anspruch 1. dadurch gekennzeichnet daB die Vibrationsbehandlung wahrend des Verteilungs- 
5 schrmesvorgenommenwird. 

3. Verfahren nach Anspnjch 1 . dadurch gekennzeichnet, daB die Form vor dem Vertellungsschrm vorgehelzt wird. 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet daB die Vibration untertxochen wird, wahrend Hitze und 
10 Druckaufrechterhattenwerden. 

5. Verfahren nach einem der AnsprOche 1 Ws 4, dadurch gekennzeichnet daB das Geirosch auf eine Temperatur 
erhitzt wird. die grOBer als etwa TPC (170°F) ist vorzugsweise in einem Bereich von etwa 80 bis 200*0 (175 bis 
AOO'^F) und besonders bevorzugt in einem Bereich von etwa 90 bis 135*»C (200 bis 275"F) liegt 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet daB der Dojck in einem Bereich von etwa 1 bis 35 kg/cm^ 
(15 bis 500 psi). vorzugsweise In einem Bereich von etwa 1 bis 28 kgfcm? (15 bis 400 psi) und besonders bevorzugt 
in einem Bereich von etwa 7 bis 14 kg/cnf (100 bis 200 psi) liegt 

20 7. Verfahren nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet daB der FOIIstoff einen Zuschlags- 
stoff umfaBt. der aus der Gruppe ausgewahlt ist die aus Calciumcarbonat Quarz. Granit FeWspat Marmor, Quar- 
zit, Quarzstaub. Sand. Tonerde. Rugasche. Zement Bruchglas, Glasperlen. Glaskugeln. Stahlsand, 
Aluminiumsand, Carbiden. Plastikperlen, zerWeinertem Gummi. Hc^zschnitzeln, Sagespane und Papierlaminaten 
besteht, und/oder einen Pigmentfarbsloff, der aus der Gruppe ausgewahH ist <fie aus TrtandkixW, RuB und Elsen- 

25 oood besteht 

Verfahren nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet daB der FOIIstoff ein Verstarkungs- 
material umfaBt. das aus der Gruppe ausgewahH ist, die aus Stahl. PlashX Glas und Kbhienstoff besteht wobei es 
sich bei dem Verstarkungsmaterial vorzugsweise um Gfasfasern handelt 

-Verfahren nach einem der vorstehenden AnsprOche. dadurch gekennzeichnet daB vor dem Verteilen des Gemi- 
sches aus FOIIstoff und polymerem Binder in der Fdmi eine Verstarkungsschicht in die Form gelegt wird. 

10. Verfahren nach einem der vorstehenden AnsprOche. dadurch gekennzefchnet daB eine Verstarkungsschicht auf 
35 das verteilte Gemisch aus FOIIstoff und polymerem Binder aufgelegt wird. bevor das Gemisch mH Dmck behandelt 

wird. 

11. Vorrichtung zur Hersteilung eines Polymerverbundwerkstoff-Produkles. die einen unteren Fornrteil und Mrttel zum 
Aniegen von Vibration an den unteren Formteil umfaBt dadurch gekennzefchnet daB ein oberer Formtieil fOr ein 

40 Zusammenwirken ntit dem unteren Formteil voihanden ist um die gewOnschte Forni des Potymen/eitxindwerk- 
stoff-Produktes zu biWen. und daB Mittel zum Erhitzen des unteren und des oberen Formteils sowie Mittel zum 
Aniegen von Druck an den oberen Formteil vorhanden sind. so daB wenn ein In den unteren Formteil gegebenes 
Gemisch aus FOIIstoff und polymerem Binder im unteren Formteil verteilt ist und der obere Fonnteil Qber dem ver- 
teitten Gemisch plaziert wird, der pdymere Binder durch gleichzeitige Behandlung mit Hitze, Dmck und Vibration 

45' ausgehartetwird. 

12. Vorrichtung nach Anspruch 11. dadurch gekennzeichnet daB Mittel zum Aniegen von vajratton an den oberen 
Formteil vorhanden sind. 

so 13. Vorrichtung nach Anspruch 1 1 . dadurch gekennzeichnet. daB Mittel zum Aniegen von Druck an den unteren Form- 
teil zum AblOsen des ausgeharteten Pdymerverbundwerkstoff-Produktes vorhanden sind. 

14. Vonichtung nach Anspruch 1 1 . die ferner Mittel zum Aniegen von Druck an den oberen Formteil zum AWOsen des 
ausgeharteten Polymerveftxjndwerkstofl-Produktes umfaBt 

55 

Revendlcations 

1. Un proc6d6 pour la fabrication d un produit polym^re composite, comprenant r6tape consistant a r6partir une 
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quantity prM6terniiin§e d*un melange d'une charge et d'un fiant poiymdre dans un moule; caract6ris6 par: po<ym6- 
riser le melange par application sinrultan^e de chaleur. pression et vibrations; le melange 6tant suffisamment 
chauff6. mis sous pression et sounds d des vibrations dans i'^tape de polymerisation pour: (a) former une peau de 
polym^e poiym6ris6 autour du melange de charge et de liant polym^re; (b) minimiser T^Qition et T^vaporation 
5 du Gant polym§re; et (c) distribuer de lagon homogdne la charge dans le moule de telle sorte que te produit com- 
posite polym^e form6 soit essentiellement libre dinterstices. 

2. Un proc^e selon la revendication 1 . caract6rls6 en ce que des vibrations sont e^iqu6es pendant la phase de 
r^rtition. 

10 

3. Un proc^6 selon la revendication 1 . caract6ris6 en ce que le moule est pr6chauff § avant la phase de r^rtition. 

4. Un proc6d6 selon la revendication 1 . caract6ris6 en ce que des vibrations sont interrompues tandis que la chaleur 
et la pression sont maintenues. 

75 

5. Un proc^6 selon Tune des revendications 1 d 4» caract6ris6 en ce que le melange est chauff6 d une temperature 
superieure environ. 7TC (1 TO^'F), de preference dans une plage d*environ 80 d 200*'C (175 k 400*F). ^ de fagon 
encore plus preterentieile dans une plage d'environ 90 k ISS^'C (200 & 275''F). 

20 6. Un precede selon la revendication 1 , caracterise en ce que la pression se situe dans une plage tfenviron 1 d 35 
kg/cnf (15 d 500 psi ). de preference dans une plage d'environ 1 k 28 kg/cm^, (15 d 400 psi), et de fagon encore 
plus prererentielle dans une plage d'environ 7^14 Kg/cm^ (100 to 200 psi). 

7. Un procede selon Tune quelconque des revendications pr6cedentes, caracterise en ce que ta charge contient un 
2S agregat choisi parmi le groupe de produits suivants: cart>onate de calcium, quartz, granite, feldspath, marbre. 

quartzite, silice sechee. sable, argile. cendres. dment. debris de vene, perles de verre. billes de vene, particules 
d*acier. particules tfaluminium, cartxires, billes de plastiques. boulettes de caoutchouc, copeaux de bois, sdure et 
leuillets de papier; et/ou un pigment choisi parmi ie groupe de produits suivants: dioxyde de titanium, noir de car- 
bone et oxyde de fer. 

30 

8. Un procede selon Itine quelconque des revendications prec6dentes. caract6ris6 en ce que la charge contient un 
materiau de renforcement choisi parmi le groupe de produits suivants: ader. plastique, verre et caftx)ne, de fagon 
preterentielle le materiau de renforcement est des fibres de verre. 

35 9. Un precede selon i*une quelconque des revendications precedentes, caracterise en ce qu'une feuHle de renforce- 
ment est disposee dans le moule avant larepartition du melange de charge et de liant polymere dans le moule. 

10. Un procede selon I'une quelconque des revendications precedentes, caracterise en ce qu'une feuille de renforce- 
ment est instatiee au-dessus du melange reparti de charge et de liant polymere avant de soumettre le melange k 

40 la pression. 

1 1 . Un appareil pour la fabrication d'un produit composite polymere oomprenant une partie de moule inf erieure et des 
moyens pour faire vibrer la partie de moule inf erieure. caracterise en ce qu'une partie superieure du moule est pr6- 
vue de maniere k cooperer avec la partie inferieure du moule pour donner au produit composite polymere la forme 

45 desiree, et des moyens pour chauffer les parties inferieure et superieure du moule. et des nroyens pour appliquer 
une pression k la partie superieure du moule sont prevus de sorte que lorsque un melange de charge et de liant 
polymere place dans la partie inferieure du moule est repartie dar« la partie inferieure du moule et que la partie 
superieure du moule est plac6e au-dessus du melange reparti. le liant polymere est polymerise par application 
simuHanee de chaleur, pression et de vibrations. 

50 

12. Un appareil selon la revendication 11, caracterise en ce que sont prevus des moyens pour faire vforer la partie 
superieure du nmle. 

13. Un appareil selon la revendication 1 1 . caracterise en ce que sont prevus des moyens pour appfiquer de la pression 
55 & la partie inferieure du moule pour demouler le produit composite pdymere polymerise. 

14. Un appareil selon la revendication 1 1. comprenant en outre des moyens pour appliquer de la pression k la partie 
superieure du moule pour demouler le produit composite pdymere polymerise. 
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